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==========

We describe two unique real-world usage patterns of oritavancin, a single-dose antibiotic with no therapeutic monitoring requirements, in patients with SSTIs.Oritavancin was administered to stable SSTI patients in the outpatient setting to avoid costly hospitalization for IV antibiotic treatment; hospital admissions 30 days after treatment were low.In hospitalized patients with SSTIs, oritavancin was used to facilitate early hospital discharge; infection-related 30-day hospital readmissions were low.The findings suggest that oritavancin may assist in avoiding hospitalization and facilitating early discharge in select SSTI patients.

Introduction {#Sec1}
============

The healthcare landscape is rapidly changing, largely due to changes introduced by the Affordable Care Act \[[@CR1]\]. The payment of hospitals by both private and public payers is transitioning away from a fee-for-service model to a value-based model where hospital payments are directly linked to the quality and efficiency of care that they provide \[[@CR1], [@CR2]\]. The value-based reimbursement model aligns well with the tenets of antimicrobial stewardship, which consists of systematic measurement and coordinated interventions that are designed to improve the use of antimicrobial medications with the goal of enhancing patient health outcomes and decreasing unnecessary costs \[[@CR3]\]. Effective in 2017, the Joint Commission on Hospital Accreditation required that all hospitals and nursing care centers have antimicrobial stewardship programs to facilitate the attainment of these healthcare goals \[[@CR4]\].

As hospital reimbursement and antimicrobial stewardship programs are both increasingly tied to quality and efficiency of care, it is critical that healthcare institutions assess their approaches to care, especially for common and costly conditions such as skin and soft tissue infections (SSTIs). Skin and soft tissue infections are the seventh most common principal diagnosis in the United States for hospital admissions from the emergency department, resulting in over 600,000 hospital admissions per year \[[@CR5]\]. The total spent on the treatment of patients with SSTIs has tripled since 2000, with yearly healthcare expenditure estimated to be nearly USD 14 billion in 2012 \[[@CR6]\]. While inpatient care is commonplace for SSTI patients, data indicate that many hospitalized SSTI patients have zero or few uncontrolled comorbid conditions and no systemic signs and symptoms of infection, and that upwards of 85% are often solely admitted to receive IV antibiotics \[[@CR7], [@CR8]\]. Because inpatient care for SSTI patients is 2--4 times more costly than outpatient care \[[@CR9]\], healthcare institutions should identify appropriate patients for outpatient therapy and develop treatment strategies that can safely and effectively shift care from the inpatient to the outpatient setting among hospitalized patients \[[@CR10]\].

One potential way to improve the efficiency of healthcare in patients with SSTIs is through the use of newer therapies such as oritavancin. Oritavancin is a FDA-approved single-dose IV therapy for the treatment of SSTIs caused (or suspected to be caused) by certain Gram-positive pathogens, including MRSA \[[@CR11]\]. Oritavancin's broad spectrum of activity also includes vancomycin-resistant enterococci (VRE) \[[@CR12]\], which may be relevant in complex SSTIs (e.g., polymicrobial infections and infections among patients with comorbidities such as diabetes mellitus) and are increasingly being identified in diabetic foot ulcers and wound infections \[[@CR13]\]. Because it is a single-dose therapy, it can potentially be used to shift the site of care of stable patients with limited comorbidities who are admitted solely for the administration of IV antibiotics to the outpatient setting. There is also the potential to use oritavancin to facilitate the early discharge of a patient with a SSTI after their acute infection resolves. Despite its theoretical benefits, published data describing the real-world outcomes of patients who received oritavancin beyond its pivotal phase III clinical trials \[[@CR14]--[@CR16]\] are scant \[[@CR17]--[@CR19]\]. The purpose of this report was to describe the results of two separate multicenter observational cohort studies that examined the outcomes associated with two unique usage patterns of oritavancin. In the first cohort, oritavancin was used in the outpatient setting for patients with SSTIs as a measure to avoid hospitalization in suitable patients. In the second cohort, oritavancin was used to facilitate early hospital discharge in hospitalized patients with SSTIs.

Methods {#Sec2}
=======

Cohort 1: Outpatient Use of Oritavancin to Avoid Admission {#Sec3}
----------------------------------------------------------

This was a retrospective real-world study of patients 18 years or older who were treated in the outpatient setting with oritavancin for SSTIs caused by suspected or confirmed Gram-positive pathogens, including methicillin-resistant *Staphylococcus aureus* (MRSA). Patient charts from three hospital sites during the period 1/1/2015 to 1/31/2016 were analyzed. Consecutively treated patients were included if they had not been discharged from the inpatient setting within the previous 24 h and had received their single-dose oritavancin treatment at a hospital-based outpatient infusion center. The index date was defined as the date of oritavancin administration. Admissions were captured via an electronic health record system across all sites. Approval was obtained from the institutional review boards of Lee Memorial Health System (Fort Meyers, FL, USA) and Mon General Hospital (Morgantown, WV, USA) \[[@CR20]\].

The primary assessment was healthcare resource utilization (HRU) from index treatment to 30 days post oritavancin administration. HRU included subsequent hospital admission, emergency department (ED) visits, antimicrobials and antimicrobial administration, diagnostics, and surgical procedures related to the infection. The total hospital costs from index treatment up to 30 days posttreatment were the sum of medication costs, the costs of all services patients received (including medication administration, ED visits, diagnostic tests, and surgical procedures), and the costs of subsequent hospitalization. The costs were calculated and presented in two ways: one was based on the mean of the unit costs; the other was based on the median of the unit costs. The wholesale acquisition cost (WAC) of oritavancin was used to estimate the medication costs \[[@CR21]\]. The costs of healthcare resources were estimated using data from the Premier Hospital Database \[[@CR22]\]. The cost of subsequent hospital admission was based on data from the Healthcare Cost and Utilization Project on the mean and median hospital costs of admission for SSTIs in 2013 \[[@CR23]\]. The incidence rates of all-cause and infection-related hospital admissions were also determined.

Cohort 2: Use of Oritavancin to Facilitate Early Discharge {#Sec4}
----------------------------------------------------------

Seven hospitals implemented a strategy to discharge patients on oritavancin in order to avoid prolonged hospitalizations for IV antibiotic therapy. As a quality assurance measure, a multicenter, retrospective chart review of adult patients who were discharged from seven hospitals in 2015 while on oritavancin to treat a SSTI \[[@CR24]\] was conducted.

The inclusion criterion was that the patient was receiving oritavancin upon hospital discharge to complete treatment of a SSTI. The exclusion criteria were the utilization of oritavancin upon discharge for a non-FDA-approved indication or treatment with oritavancin in the outpatient setting without prior hospitalization. Patient demographic characteristics, comorbidities, infection characteristics, and antibiotics received prior were summarized. All patients received antimicrobials (predominantly vancomycin) while they were inpatients prior to receiving oritavancin. The primary outcome was hospital readmissions within 30 days (all cause and infection related).

Results {#Sec5}
=======

Cohort 1: Outpatient Use of Oritavancin to Avoid Admission {#Sec6}
----------------------------------------------------------

In total, 115 patients met all inclusion criteria \[[@CR20]\]. Patients had a mean age of 59.7 years and 40% were \> 65 years old; 93% of patients had at least one comorbidity, with hypertension being the most common (53%), followed by hyperlipidemia (20.9%) and diabetes (22.6%). Additionally, 61.7% met the definition for obesity (BMI ≥ 30 kg/m^2^). Sixty-nine (60%) patients had received antibiotics prior to oritavancin, including 21 with IV/IM antibiotics and 63 with oral antibiotics, some of which covered both Gram-positive and Gram-negative pathogens. In the majority of patients (81.7%), the infection was first diagnosed in a physician's office, and the overwhelming majority of the patients (93.9%) received oritavancin treatment from a hospital-owned outpatient infusion center. Of the 56 patients with baseline culture results, MRSA was identified in 27 (48.2%). The infection types were cellulitis (70%), wound (19%), and major cutaneous abscess (11%). Most infections were on the leg (51%) or foot (21%).

The estimated hospital costs (mean and median) for services provided to patients were calculated using data from the 2013 Healthcare Cost and Utilization Project, and are shown in Table [1](#Tab1){ref-type="table"}. Total costs for outpatient treatment of an SSTI patient with oritavancin, including follow-up costs, were estimated to be USD 3698 (mean) and USD 3341 (median). Six (5.2%) patients received diagnostic testing as part of their index treatment, which included ultrasonography, X-ray, and CT scan. Twenty-six patients (22.6%) received at least one surgical procedure during index treatment. Surgical procedures included incision and drainage (8 patients), surgical debridement (18 patients), negative pressure wound therapy (1 patient), and other (1 patient).Table 1Estimated 2018--2019 hospital costs (in USD) for services provided to patients with SSTIs \[[@CR6], [@CR22]\]ServiceMean hospital costs (USD)Median hospital costs (USD)Oritavancin (WAC)2900.002900.00Drug administration (3 h)514.81238.02Ultrasonography269.14204.48X-ray82.4868.97CT scan180.88127.12Incision and drainage101.0278.39Surgical debridement299.46165.00Negative pressure wound therapy182.72161.09ED visit Level IV260.67226.69 Level V377.03331.33Hospital admission for SSTI6823.005074.00*ED* emergency department, *SSTI* skin and soft tissue infection, *WAC* wholesale acquisition cost

Eleven patients (9.6%) received antibiotics within 30 days post index treatment. Reasons for antibiotic use included inadequate treatment response (*n* = 1), relapse of the same infection (*n* = 2), new Gram-positive infection (*n* = 2), the primary infection was both Gram positive and Gram negative (*n* = 4), and standard of care or hospital protocol (*n* = 3). Seven patients (6.1%) were admitted to hospital within 30 days of the index treatment. One admission was due to a vascular issue rather than an infection, and required surgery. Three of these admissions (2.6% overall) were due to an infection, with Gram-negative bacteria identified, and required antibiotic therapy. None of the three patients who were hospitalized with a Gram-negative infection had received antibiotics with Gram-negative activity previously. One (0.9%) patient visited the emergency department within 30 days of index treatment and received antibiotics but was not hospitalized.

Cohort 2: Use of Oritavancin to Facilitate Early Discharge {#Sec7}
----------------------------------------------------------

Overall, 151 patients were included \[[@CR25]\]. The mean age was 56 years (range 19--90) and most were female (65%). Diabetes was reported in 38% of patients, and 5% of patients were intravenous drug users. The most frequent infection types were cellulitis (75%), wound (11%), and major cutaneous abscess (10%). Among patients with available culture results (*n* = 78), MRSA (32 patients) was the most common pathogen. Gram-negative bacteria were recovered from a culture in 9 patients. Reflective of real-world hospital clinical practices, the antibiotics administered to patients upon initial presentation varied, and some had Gram-negative coverage. Most patients received vancomycin (78%) prior to discharge with oritavancin. Other frequently used antibiotics prior to oritavancin were clindamycin (11%), ceftaroline (9%), daptomycin (7%), and linezolid (5%). Seven patients received concomitant antimicrobials with oritavancin for the treatment of Gram-negative organisms.

Ten patients (6.6%) were readmitted at 30 days, and 4 of those readmissions (2.6%) were attributable to infection. Of those 4, 2 patients were admitted to treat a Gram-negative infection, and 2 patients were admitted for abscess drainage (1 was found to be MSSA and the other was culture negative). The two patients with Gram-negative infections received inappropriate antibiotic therapy for Gram-negative pathogens prior to the administration of oritavancin. None of the patients with a non-infection-related hospital admission required additional antibiotic therapy after oritavancin.

Discussion {#Sec8}
==========

Given the frequency of SSTIs and associated healthcare costs \[[@CR5], [@CR26]\], management of patients with SSTIs should be explored as a quality improvement initiative by US healthcare systems. Currently, many patients with SSTIs who present to the ED with demonstrable SSTIs are subsequently hospitalized and receive multidose IV antibiotics, even in the setting of mild or no systemic signs of infection \[[@CR7], [@CR8]\]. Data also indicate that patients hospitalized for SSTIs often remain in the hospital after their acute infection resolves \[[@CR27]\]. The burden of this practice on the healthcare system is substantial. Hospital stays for patients with SSTIs range from 3.5 to 10 days \[[@CR28], [@CR29]\], resulting in hospital costs of between USD 5000 and USD 18,014 in 2015 \[[@CR30]\]. Recent data also show that 9.8% of patients with cellulitis were readmitted in US hospitals; age and insurance status were the main risk factors. Moreover, overall annual costs associated with nonelective readmissions due to SSTIs within 30 days of a cellulitis discharge in the US were estimated to total USD 114.4 million (95% CI: USD 106.8--122.0 million) \[[@CR31]\].

While a variety of components comprise the cost of inpatient care, it is due in large part to room and board costs \[[@CR7], [@CR32]\]. Data indicate that a proportion of SSTI patients may be able to receive their care in the outpatient setting or may be discharged from the hospital sooner with continued antibiotic therapy without compromising clinical outcomes \[[@CR27], [@CR33]\]. Though an early transition from intravenous to oral therapy may be one strategy, treatment challenges still exist. Most oral therapies are dosed several times a day, which may result in undue toxicity or poor patient adherence. One study found that patient adherence to oral SSTI treatment postdischarge was low (57%), which resulted in a poor 30-day clinical response for nearly half of patients \[[@CR34]\].

One way to potentially improve the efficiency of healthcare delivery for SSTI patients is through the use of oritavancin. As it is administered in a single dose and does not require therapeutic monitoring \[[@CR11]\], it has been hypothesized that oritavancin may be an ideal treatment in the ambulatory setting, particularly in stable patients with moderate to severe SSTIs. When evaluating the viability of antibiotic agents such as oritavancin for outpatient use, there are several important considerations. First, the agent must be efficacious. The candidate outpatient SSTI therapy must confer an early, demonstrable response that is sustained over time until resolution. The response rates also must be similar for the various types of patients that present with SSTIs. Second, it must have a highly favorable safety profile. Adverse events must only occur at a low frequency and must be of a mild, self-limiting nature. Third, therapy cannot result in an excessive number of hospital admissions, as this defeats the intent of shifting care to the outpatient setting. Fourth, it is highly desirable to establish its efficacy and safety in the outpatient setting in a multicenter, randomized, double-blind, comparative clinical trial, as this is the gold standard study design for establishing the clinical viability of new agents. Finally, there should ideally be supportive evidence for its use in real-world effectiveness studies that substantiate proposed treatment pathways.

To date, the results of phase III clinical trials have indicated that a single dose of oritavancin has comparable efficacy to twice-daily intravenous vancomycin for 7--10 days in the outpatient setting \[[@CR14]--[@CR16]\]. Oritavancin was generally well tolerated, and very few patients in the oritavancin group required subsequent care in the inpatient setting post outpatient treatment \[[@CR16]\]. Although there are challenges to directly extrapolating real-world effectiveness outcomes from phase III trials, these data support the use of oritavancin in the outpatient setting. However, it is important to note that patients in the oritavancin group were required to return to the outpatient setting daily to receive placebo doses to maintain blinding. Therefore, questions about the real-world implications of a single dose of oritavancin administered in the outpatient setting remain, as the effect of additional touchpoints with a healthcare provider on the reported outcomes are unknown.

There were two notable findings across the two multicenter real-world evidence cohort studies included in this report that address potential data gaps with employing oritavancin as a treatment option to shift care from the inpatient to the outpatient setting. Overall, the incidences of 30-day hospital admissions/readmissions post receipt of oritavancin were nearly identical and low in the two cohorts. Seven patients (6.1%) had a 30-day hospital admission and 3 (2.6% overall) were deemed to be infection related in the study of patients who started oritavancin in the outpatient setting (cohort 1). Similarly, all-cause and infection-related 30-day readmission rates were 6.6% and 2.6%, respectively, among patients who received oritavancin at hospital discharge (cohort 2). In both cases, the rates of hospital admission post oritavancin treatment were lower than nationally reported rates of overall (20%) and infection-related (10%) readmissions for patients with SSTIs \[[@CR31]\]. It should be noted that not every admission/readmission may have been captured, as a small number of patients may have been referred to another health system.

Second, healthcare resource use data suggest that oritavancin may be a cost-saving approach to treating appropriate SSTI patients in the outpatient setting. The cost of outpatient treatment with oritavancin, inclusive of follow-up costs, was estimated to be \~ USD 3500 in cohort 1. This is considerably lower than the costs associated with inpatient treatment with other IV antibiotics. Even for SSTI patients with no or just one comorbidity who have no systemic signs and symptoms of infection, the mean inpatient cost is estimated to be \~ USD 6000 \[[@CR7]\]. Thus, there is a potential cost saving of USD 3000 with oritavancin relative to current inpatient care, assuming no admissions in the oritavancin group.

Several things should be noted when interpreting the findings. As this was a retrospective real-world analysis, it is subject to all the limitations of observational real-world studies. Although these studies were not comparative, the study population is representative of patients with skin infections treated in the outpatient setting at the included hospitals, but it may not represent typical outpatient populations at other sites. For example, nearly two-thirds of the population were obese. Cost data were not available from the hospitals where this study was conducted. Therefore, the costs were derived and do not reflect the true costs to the institutions included in this analysis. Unknown admissions could have also occurred outside the system. Finally, a comparator treatment group was not available, and future studies are needed to fully understand outcomes associated with oritavancin relative to other antibiotics commonly used in patients with SSTIs.

Conclusion {#Sec9}
==========

In summary, it is important to develop new therapies and treatment approaches that maintain or improve outcomes at the lowest overall cost in the new value-based hospital payment model. The concept of quality of care at lowest cost is congruent with the goals of antibiotic stewardship programs, which have a dual responsibility to optimize clinical outcomes and minimize healthcare costs without adversely impacting quality of care. Findings from this report suggest that oritavancin may be a potentially useful agent to avoid hospitalization or shorten hospital LOS among appropriate SSTI patients while saving institutional costs. Future comparator studies are required to properly ascertain the outcomes and potential benefits associated with oritavancin and other long-acting single-dose lipoglycopeptides relative to other antibiotics commonly used in patients with SSTIs.
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